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The occurrence of the pyocyanic bacillus in the blood and spleen is compared after 
intramuscular administration to intact and immunized animals. It is demonstrated that 
blood clearance is performed by transferring the causative agent to splenic phagocytes. 
It is suggested that antibodies agglutinize the microorganisms in the primary focus of 
infection and prevent their entry into the blood. 
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Previously it was found that immunizat ion facili- 
tates blood clearance from systemically adminis- 
tered bacteria [5,7]. This was attributed to the 
opsonizing effect of antibodies on microorganisms 
and the accelerated uptake of  them by liver and 
spleen macrophages. The potective activity of the 
antibodies was explained in a similar manner  in 
subsequent papers, for example, upon infection 
caused by the pyocyanic bacillus (Pseudomonas 
aeruginosa) [6,8]. In real life, as opposed to ex- 
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periment, the agents causing wound infection usu- 
ally do not enter the blood directly, but first make 
contact with tissues and may modulate the prob- 
ability and duration of bacteremia not only by 
opsonization but also by agglutination of bacteria, 
It is more difficult for bacterial aggregates formed 
as a result of agglutination to cross the tissue-blood 
barrier [1-3]. In other words, if bacteria have en- 
tered the tissue, blood sterility can be maintained 
by antibodies through opsonization and probably 
by agglutination. It is not an easy task to differ- 
entiate the effects of agglutination and opsonization 
on bacteremia. We at tempted to solve this prob- 
lem bearing in mind that opsonization facilitates 
the removal of  bacteria f rom the blood and as- 
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TABLE 1. Results of Bacteriological Investigation (Number of Animals; Percent of Number of Animals in Group Given in 
Parentheses) 

P a r a m e t e r  

Result of bac te -  
r iological  inves-  
t iga t ion 

: ! 
: : i : : :  

Spleen 

Per iod after infect ion 

Control Immunization 

1 day 3 days 
Pseudomonas  Steri le or 

aeruginosa other  mic roor -  
ganisms 

Pseudomonas Sterile or 
aeruginosa other  mic roor -  

ganisms 

1 day 

Pseudomonas  Sterile or 
aeruginosa other  mic roor -  

ganisms 

t t t 1 
18 (90%) 2 (10%) 19 (68%) 9 (32%) 9 (29%) 22 (71%) 

Note. Significance of differences (Z2-test): blood of immunized animals compared with blood from control animals 1 day after 
infection (p<0.01); spleen of immunized animals compared with control animals 1 day after infection (p<0.01). Blood of control 
animals 3 days after immunization compared with blood of control animals 1 day after immunization (p<0.01). 

suming that agglutination prevents their entry into 
the blood. 

MATERIALS AND METHODS 
Outbred rats weighing 180-200 g (control) were 
infected (the right calf muscle) with 0.3 ml of a 
suspension (1-day primary culture) of Ps. aerugi- 
nosa strain 453 containing 8• ceUs/ml of 10% 
CaC12 solution [4]. The ammals were sacrificed 1 
(n=20) and 3 (n=28) days after infection. Bacte- 
riological analysis of  the blood and spleen was 
performed and the titer of agglutinating antibodies 
to the microorganism was determined. 

Thirty-one rats were immunized by 2 intra- 
muscular  in jec t ions  (1-week interval,  left calf 
muscle) of 0.3 ml of  Ps. aeruginosa (strain 453) 
suspension (1-day pr imary culture)  conta ining 
2• ceils in normal  saline. These rats were in- 
fected in the same way 1 week after the immuni- 
zation and sacrificed 1 day after infection. Blood 
and spleen were studied as in the control group. 

For the determination of the antibody titer 2- 
fold increasing dilutions of the serum (0.05 ml) were 
incubated for 1 h at 37~ with 0.45 ml of the bac- 
terial suspension containing 109 cells/ml Hanks' so- 
lution. After incubation a drop of reaction mixture 
was viewed in the Goryaev chamber under a phase- 
contrast microscope at a 200-fold magnification. The 
ability of the serum to agglutinize the bacteria was 
characterized by the titer, i.e., the minimal dilution 
at which bacterial aggregates were formed. 

.RESULTS 
In the control group we did not  reveal antibodies 
to Ps. aeruginosa strain 453 on day 1 after infec- 
tion; on day 3 antibodies were detected in a titer 
of 1/10-1/640. In the immunized animals the ti- 
ter was 1/1280-1/5120. 

The results of bacteriological study are summa- 
rized in Table 1. In the control  group the num-  
ber of animals carrying the microorganism in the 
blood was significantly lower (2<0.01, Z 2 test) on 
day 3 vs. day 1. The decrease in the number of 
bacteria in the spleen was much  less pronounced. 
On day 1 after infection, in the immunized group 
the number of animals carrying Ps. aeruginosa in 
the blood and in the spleen was significantly 
(p<0.01) smaller compared with the control group. 

The decrease in the degree of  blood contami- 
nat ion with the bacteria on day 3 after infection 
in the control group coincided with the emergence 
of  antibodies. It is likely that  the  decrease is 
caused at least in part by the influence of the 
antibodies. The organization of  the primary focus 
on day 3 (the development of demarcat ion and 
granulation zones) may be another  reason for the 
reduced entry of microorganisms into the blood. 
Under  the chosen experimental  condit ions the 
possibility that separation of the primary focus by 
the demarcation and granulation zones may ham- 
per bacterial contamination of the blood cannot be 
excluded. However, the fact that  in immunized 
animals the conten t  of microorganisms in the 
blood and spleen is significantly lower than in the 
control on day 1 after infection (when the pri- 
mary focus does not  yet have demarcat ion and 
granulation zones) proves that the antibodies pro- 
mote this decrease. 

Our results indicate that blood clearance un-  
der the influence of antibodies cannot be explained 
only by opsonization, but agglutination should also 
be taken into account. This conclusion was made 
on the basis of the following observations. Opso- 
nization facilitates the removal of  bacteria from the 
blood and their accumulation in the spleen during 
a certain period which is required for the killing 
and digestion of the microorganisms. In the con- 
trol group, a considerable decrease in the blood 



Bulletin Of Experimental Biology and Medicine, Vol. 117, No. 5, May, 1994 5 4 9  

bacterial content  and a negligible decrease in the 
spleen bacterial content (compared with day 1 af- 
ter infection) were observed on day 3. This dif- 
ference can be attributed to the fact that this was 
the day on which antibodies appeared. By this 
time the antibodies can elicit their protective ef- 
fect on the blood (opsonization, agglutination, or 
both). However, the spleen content  of bacteria 
changed more slowly. In this organ the effect of 
antibodies is not  pronounced on day 3 after in- 
fection. The low bacterial content in the spleen on 
day 1 after infection testifies to the fact that even 
in this early period the blood does not now, did 
not before contain considerable numbers of bacte- 
ria. Otherwise, even if the microorganisms had 
disappeared from the blood they would have accu- 
mulated in the spleen. Consequently, the influence 
of the antibodies manifests itself not  in an accel- 
erated clearance of bacteria from the blood, car- 

tied out via the spleen, but rather in prevention 
of the entry of bacteria into the blood, which is 
achieved by agglutination. 
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Morphometric and information analysis is used to quantify the structural changes oc- 
curring in the liver and to reveal the specific features of  damage to different zones of 
acim in peritonitis and gangrene of the leg. 
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Death of patients with endotoxicoses caused by 
peritonitis, pancreatitis, and gangrene often results 
from liver failure [2,8,12]. Although there is quite 
a large body of  evidence on the state of the liver, 
morphological studies are often descriptive and do 
not take into account regional heterogeneity of the 
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acinus structure [3,7]. There is scant information 
regarding the specificities of hepatic injury depend- 
ing on the etiology of  endotoxicosis. Morphometry 
of liver tissue with subsequent information evalua- 
tion of the complexity of its structure in a spe- 
cific pathology may be proposed as a prospective 
method [4,6]. 

In this paper we present a comparative morpho- 
metric description of  liver acini in pronounced  
endotoxicoses caused by peritonitis and gangrene of 
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